INTRODUCTION {#sec1-1}
============

Heart, kidneys, and liver are the vital organs in human. At times, liver damage can affect these vital organs that are necessary for survival. It plays a major role in metabolism and facilitates some of the functions in the body, including glycogen storage, decomposition of red blood cells, plasma protein synthesis, hormone production, and detoxification. It lies below the diaphragm in the abdominopelvic region of the body. It secretes bile, an alkaline compound, which aids in digestion via the emulsification of lipids. Highly specialized tissues of the liver regulate a wide variety of high-volume biochemical reactions, i.e., the synthesis and breakdown of small and complex molecules. These reactions are necessary for the normal vital functions of a living body.\[[@ref1]\]

Carbon tetrachloride (CCl~4~) is a xenobiotic, which mainly affects liver and kidney.\[[@ref2]\] The CCl~4~, when gets activated in liver, generates a free radical-mediated lipid peroxidation causing functional and morphological changes in the cell membrane due to the accumulation of oxidants resulting in liver damage.\[[@ref3]\]

Sheep sorrel (*Rumex*), also known as *Acetosella vulgaris*, is a species of sorrel -- a perennial plant, which exhibits antiproliferative, antioxidant, antiviral, antimutagenic, and antigenotoxic effects.\[[@ref4][@ref5][@ref6][@ref7]\]

Ahmed *et al*.\[[@ref8]\] conducted a study, by comparing aminoguanidine and silymarin, to examine their possible hepatoprotective effects and beneficial effects on the CCl~4~-induced liver fibrosis. It was concluded that aminoguanidine showed protective effects against CCl~4~-induced hepatotoxicity through its inducible nitric oxide synthase (iNOS) inhibition and antioxidant effects. In addition, silymarin exhibited more potential hepatoprotective effects than aminoguanidine.

Venkataramanan *et al*.\[[@ref9]\] further demonstrated about silymarin and silybin of the perennial plant, which are commonly used to protect the liver from damages caused by hepatitis viruses, alcohol, and other substances. Compounds found in silybin and silymarin act as antioxidants and stimulate the tissue repair of the liver.

Sedaghat *et al*.\[[@ref10]\] mentioned in their study that *Rumex patientia* (RP) could exert beneficial health effects to ameliorate the metabolic diseases. Subchronic treatment of diabetic rats with RP could result in lessening the abnormal changes in blood glucose level and improving the lipid profile, including high-density lipoprotein-cholesterol (HDL-C) and low-density lipoprotein-cholesterol (LDL-C) in part, due to its attenuation of lipid peroxidation in the hepatic tissue.

Predes *et al*.\[[@ref11]\] also examined that the hydroethanolic extracts could exhibit the strongest free radical scavenging activity while the Soxhlet extraction demonstrated the highest phenolic content. Moreover, the dichloromethane extracts showed a selective antiproliferative activity against the human cancer cell lines.

In another study conducted by Lin *et al*.,\[[@ref12]\] *Arctium lappa* Linne was found to protect the liver cells from CCl~4~- or acetaminophen-induced liver damages through its antioxidative effects on hepatocytes. This resulted in the elimination of the deleterious effects of toxic metabolites from CCl~4~ or acetaminophen.

Further, a study by Chen *et al*.\[[@ref13]\] found that fraxetin could exhibit potential protective effects against CCl~4~-induced oxidative stress and hepatic fibrosis.

Therefore, the aim of this study was to investigate the effects of possible therapies and treatments with plant seeds, *Burdock* root, and sorrel root on the impaired liver function, in case of the albino rats injected with CCl~4~.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

### Plants {#sec3-1}

The plant used in this experiment was sheep sorrel (*Rumex*), which is a species of sorrel. It is also known as *A. vulgaris* Fourr.

This selection was made to study its effects on the treatment of some of the induced liver diseases in the albino rats using the sheep sorrel extracts, which were purchased as dried material from the local market.

### Basal diet {#sec3-2}

The basal diet was prepared according to the method suggested by Reeves *et al*.\[[@ref14]\] Under this method, the diet constituted of 20% protein (casein), 10% sucrose, 4.7% corn oil, 2% choline chloride, 1% vitamin mixture, 3.5% salt mixture, and 5% fiber (cellulose). The remaining percentage was of corn starch, as recorded in [Table 1](#T1){ref-type="table"}.

###### 

Effect of orally administrated sheep sorrel (*Rumex acetosella*) on body weight gain, relative liver, and kidneys' weight in carbon tetrachlorideintoxicated rats
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### Carbon tetrachloride {#sec3-3}

As per the study conducted by Passmore and Eastwood,\[[@ref15]\] 10% liquid solution of CCl~4~ was dispensed in white plastic bottles, each containing one liter. At the same time, it was also mixed with paraffin oil that was obtained from pharmacy for dilution purposes during the induction.

### Rats {#sec3-4}

Forty mature male albino rats of Sprague-Dawley strain, weighing 150--160 g (b.wt.) and of 14--16 weeks old, were obtained from the animal house of the Department of Anatomy, Faculty of Medicine, Umm-AlQura University. The animals were allocated in plastic cages with metallic stainless covers and kept under the strict hygienic measures. Before the beginning of the experiment, the basal diet was fed to the rats for 7 days for adaptation. Rats were fed in special nonscattering feeding cups to avoid the loss of food and contamination. Water was provided *ad libitum* via a narrow-mouthed bottle, which was tightly fixed with a metallic tube at its mouth using a piece of rubber tube. The animals were subjected to a 12 h light and dark schedule for 7 days before the experiment.

Methods {#sec2-2}
-------

### Preparation of plant extracts {#sec3-5}

The sorrel was ground using porcelain grinder so that it could pass through the sieve mesh pores of 1 mm diameterAbout 25 g sorrel sample and 500 ml distilled water were kept in a conical flask provided with glass condensers, and then boiled for 1 h at 70°CThe mixture was cooled and filtered, and the filtrate was poured into different Petri dishes, which were dried in a fan oven at 70°C until it got dried as a film. It was then crushed, and the dried powder was dissolved in distilled water and placed in dark bottles to prevent oxidation so that it could be saved until the experiment.\[[@ref16]\]

### Grouping and feeding of rats {#sec3-6}

The experiment was performed in the Department of Anatomy, Faculty of Medicine, Umm-AlQura University. All the rats were fed for 1 week on the designed basal diet before the experiment and were then divided into two main groups. The first group (*n* = 10 rats) was fed the basal diet only as a negative control (C −ve) for 28 days, and the rats of the second main group (*n* = 30 rats) were injected subcutaneously (s/c) with CCl~4~ to induce liver damage.\[[@ref17]\]

The rats were then divided into four groups (*n* = 10 rats) as follows:

Group 1 was fed on the basal diet only, as a negative control (C −ve group)Group 2 was kept without any treatment as a positive control (C +ve group) and fed on basal diet for 28 daysGroup 3 was fed on basal diet plus oral feeding of sorrel extract at a single dose of 250 mg/kg (b.wt.)Group 4 was fed on basal diet plus oral feeding of sorrel extract at a single dose of 500 mg/kg (b.wt.).

### Induction of liver intoxication in rats {#sec3-7}

According to the method suggested by Jayasekhar *et al*.,\[[@ref17]\] 36 male albino rats were treated with subcutaneous injection of CCl~4~ mixed with paraffin oil in 50% V/V (2 ml/kg b.wt.) twice a week for 2 weeks to induce chronic liver damage.

After CCl~4~ had been injected, the blood samples were obtained from the rats by retro-orbital method to ensure the occurrence of liver injury and to estimate the liver function.

### Blood sampling {#sec3-8}

At the end of the experiment period (28^th^ day), the rats were sacrificed under ether anesthesia. Blood samples were then obtained by retro-orbital method in a clean and dry centrifuge tube. The samples were allowed to clot by placing them at room temperature for 20 min and then centrifuged at 1500 revolutions per minute (rpm) for 15 min. Serum samples were collected by a dry clean syringe, poured in Wasserman tubes, and then kept frozen in a refrigerator at 10°C until biochemical analysis. Thereafter, the liver, spleen, heart, lungs, and kidneys were removed from the animal\'s body and washed in saline solution, which were subsequently dried and weighted. Relative weights of the mentioned organs were calculated using the following formula:
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For fixation before the histopathological investigation, the organs were kept in formalin solution (10% V/V) as per the method described by Drury and Wallington.\[[@ref18]\]

### Biological evaluation {#sec3-9}

At the end of the experiment period (8 weeks), the rats were sacrificed under diethyl ether anesthesia. Blood samples were obtained in a clean, dry centrifuge tube using the retro-orbital method. They were allowed to clot at 25°C for 20 min and then centrifuged at 3000 rpm for 15 min. Serum samples, collected using a dry, clean syringe, were poured in Wasserman tubes and kept frozen in a refrigerator at −10°C till biochemical analysis. Liver, spleen, heart, lungs, and kidneys were removed and washed in saline solution, which were later dried and weighted. Relative weights of the organs were calculated according to the method described by Drury and Wallington.\[[@ref18]\]

During the initial period of the experiment, all the rats were weighed once a week, and the consumed diets (daily food intake) were recorded every day. At the end of the experiment, the biological evaluation of the experimental diets was also carried out by determining the body weight gain percentage (BWG%) and feed efficiency ratio, as described by Chapman *et al*.\[[@ref19]\] The daily food intake was also calculated.

### Biochemical analysis {#sec3-10}

At the end of the experimental period, the blood samples were collected for serum separation, which was further used to determine the following parameters: (a) serum liver enzymes (alanine transaminase \[ALT\], aspartate transaminase \[AST\], and alkaline phosphatase \[ALP\]); (b) total protein (TP), albumin (ALB), and globulin (GLOB); (c) total cholesterol (TC); (d) triglycerides (TGs); (e) lipoprotein fractions (HDL-C, LDL-C, and very-LDL-C \[VLDL-C\]); (f) creatinine; (g) urea; and (h) uric acid.\[[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27]\]

### Tissue specimens {#sec3-11}

Specimens from liver, kidney, and heart of all the experimental rats were collected at the end of the experiment.

### Histopathological examination {#sec3-12}

The tissue specimens, collected from liver, kidney, and heart of rats of different groups, were immediately fixed in 10% formalin solution. After proper fixation, the specimens were dehydrated in ethyl alcohol, cleared in xylol, and finally embedded followed by paraffin casting. Thin paraffin sections were prepared, which were later stained with hematoxylin and eosin stain.\[[@ref28]\] The histological examination was done in the histology laboratory in the Department of Anatomy, Faculty of Medicine, the Umm Al-Qura University, Saudi Arabia.

Statistical analysis {#sec2-3}
--------------------

The obtained data were statistically analyzed using computerized Superior Performing Statistical Software (SPSS) at SAS Institute, Cary, NC, USA. Effects of different treatments were analyzed by one-way analysis of variance test using the Duncan\'s multiple range test, and *P* \< 0.05 was also used to indicate the significance level between different groups.\[[@ref29]\]

RESULTS AND DISCUSSION {#sec1-3}
======================

Effect on body weight gain, liver\'s and kidneys\' weight {#sec2-4}
---------------------------------------------------------

Data listed in [Table 1](#T1){ref-type="table"} show the effect of orally administrated water herbal extract of sorrel root on BWG, relative liver and kidneys\' weight in CCl~4~-intoxicated rats.

CCl~4~-intoxicated rats of control (+ve) group showed 8 ± 0.70 g/28 days BWG compared to 64 ± 2.64/28 days BWG shown by the control (−ve) group. These results highlighted the significant decrease between the control positive and negative groups.

All rats, poisoned by CCl~4~ and administrated with all tested herbs, showed a significant increase in BWG as compared to the control (+ve) group.

Concerning the liver and kidneys\' weight gain, there were nonsignificant changes between control (−ve) and control (+ve) groups when compared to all other tested groups. These findings agreed to the ideology of Girish *et al*.,\[[@ref30]\] who supported the use of these active phytochemicals of silymarin against the toxic liver injury. The silymarin drug may be helpful in preventing the lipid peroxidation and augment the antioxidant defense system or regeneration of hepatocytes. These active phytochemicals may be developed as drugs for the treatment of liver diseases.

Effect on heart, spleen, and lungs\' weight {#sec2-5}
-------------------------------------------

Data listed in [Table 2](#T2){ref-type="table"} show the effect of orally administrated water extracts of sheep sorrel root, given in two doses, on the relative heart, spleen, and lungs\' weight of the CCl~4~-poisoned rats.

###### 

Effect of orally administrated sheep sorrel (*Rumex acetosella*) on relative heart, spleen, and lungs' weight of the carbon tetrachlorideintoxicated rats
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It is clear that the heart weight of the CCl~4~-injected rats of the control (+ve) group was 0.65 ± 0.029 g whereas the rats of the control (−ve) group weighed 1.15 ± 0.053 g, when compared in terms of the relative weight value. There was a significant level of increase in the control (−ve) and (+ve) group of rats. On the other hand, a nonsignificant difference was recorded when the CCl~4~-poisoned rats and the orally administered water herb extracts\' rats were compared to control (+ve) group.

In case of the spleen weight, there was a significant decrease in the weights of the CCl~4~-injected rats of the control (+ve) group compared to the control (−ve) group, which were 0.45 ± 0.047 g and 1.25 ± 0.076 g, respectively. When compared to the control (+ve) group, rats injected with CCl~4~ and orally administrated with all tested herbs showed nonsignificant changes.

Concerning to the lungs\' weight, there was a significant decrease in control (+ve) group in comparison to the control (−ve) group, which were 0.68 ± 0.09 g and 1.65 ± 0.17 g, respectively. All the rats, injected with CCl~4~ and orally administrated with all tested herbs, showed a significant increase in levels compared to the control (+ve) group and non-significant changes when compared to the control (−ve) group. These results were in agreement with the findings of Cetinkaya *et al*.,\[[@ref31]\] who examined the extract from the roots of RP, L. (*Polygonaceae*) (D-1) for its effects on rat\'s liver, erythrocyte antioxidant enzyme systems, and lipid peroxidation. As per their study, the measurements of the glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and catalase (CAT) activities along with the malondialdehyde (MDA) levels of liver and erythrocytes in the D-1-administered animals showed an increase in the GSH-Px and SOD activities, when compared to the control group. No significant decrease was observed in CAT activity, and no changes were observed in MDA levels.

Tsai *et al*.\[[@ref32]\] showed that silymarin, a standardized extract of the *Silybum marianum*, having a long tradition of herbal remedy, was introduced a few years ago as a hepatoprotective agent. However, the therapeutic effects of silymarin remain undefined. CCl~4~ is used extensively as a xenobiotic to induce oxidative stress and as hepatic toxin for experimental induction of liver fibrosis in the laboratory, which indicated that silymarin may have the potential to increase the resolution of the CCl~4~-induced liver fibrosis in rats.

Biochemical analysis {#sec2-6}
--------------------

Data from Tables [3](#T3){ref-type="table"}--[8](#T8){ref-type="table"} show the effect of oral administration of sheep sorrel (*Rumex acetosella*) in two doses (250 or 500 mg/kg b.wt.) on liver enzymes (AST, ALT, and ALP), TP, ALB, GLOB, serum lipid profile (TC, TGs, and total lipids \[TLs\]), serum levels of lipoprotein fractions (HDL-C, LDL-C, and VLDL-C), glucose, and kidney functions (creatinine, urea, and uric acid) in rats intoxicated with CCl~4~.

###### 

Effect of oral administrated sheep sorrel (*Rumex acetosella*) on aspartate transaminase and alanine transaminase in rats intoxicated with carbon tetrachloride
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###### 

Effect of orally administrated sheep sorrel (*Rumex acetosella*) on ALP and GGT weights in rats intoxicated with carbon tetrachloride
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###### 

Effect of orally administrated sheep sorrel (*Rumex acetosella*) on total protein, albumin, and globulin protein levels in rats intoxicated with carbon tetrachloride
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###### 

Effect of orally administrated with sheep sorrel (*Rumex acetosella*) on total lipid, total cholesterol, and triglycerides in rats intoxicated with carbon tetrachloride
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###### 

Effect of orally administrated sheep sorrel (*Rumex acetosella*) on high-density lipoprotein, low-density lipoprotein, and very low-density lipoprotein in rats intoxicated with carbon tetrachloride

![](PR-9-200-g009)

###### 

Effect of oral administration with sheep sorrel (*Rumex acetosella*) on creatinine, urea, and uric acid in rats intoxicated with carbon tetrachloride
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### Effect on aspartate transaminase and alanine transaminase {#sec3-13}

Effects of orally administrated sheep sorrel (*R. acetosella*) on AST and ALT weight of rats intoxicated with CCl~4~ are recorded in [Table 3](#T3){ref-type="table"}.

[Table 3](#T3){ref-type="table"} clearly states that the serum levels of AST enzyme of the CCl~4~-intoxicated rats were 16 ± 1.98 IU/l in control (−ve) group compared to the 36 ± 2.01 IU/l in control (+ve) group. These results showed that there was a significant decrease in control (+ve) group compared to the control (−ve) group.

In case of ALT, the rats intoxicated with CCl~4~ measured 4 ± 1.73 IU/l in control (−ve) group compared to the 15 ± 3.0 IU/l in control (+ve) group, which shows that there was a significant increase in control (+ve) group compared to the control (−ve) group. The best treatments were resulted in *Burdock* root (500 mg/kg) and sorrel root (500 mg/kg), which were 4 ± 2.64 and 4 ± 2.29 IU/l, respectively. These results were supported by Wagoner *et al*.,\[[@ref33]\] who demonstrated that silymarin, an extract from *S. marianum*, and its purified flavonolignans have shown inhibition to hepatitis C virus infection, both *in vitro* and *in vivo*. The mechanisms of silymarin\'santiviral action appear to block the virus\'s entry and transmission, possibly by targeting the host cell. Jain *et al*.\[[@ref34]\] also investigated the effects of silymarin and *naringenin* in counteracting the arsenic-induced hepatic oxidative stress postexposure. The results highlighted the flavonoid\'s antioxidant potential, which might be beneficial in the clinical recovery of cases exposed to arsenic. These flavonoids can be incorporated into the diet or cosupplemented during the chelation treatment that may provide a protective effect against the arsenite-induced cytotoxicity.

### Effect on alkaline phosphatase and gamma-glutamyl transferase {#sec3-14}

Data presented in [Table 4](#T4){ref-type="table"} show the effect of orally administrated sheep sorrel (*R. acetosella*) on ALP and gamma-glutamyl transferase (GGT) weights of rats intoxicated with CCl~4~.

It is clear that there was a significant increase in ALP and GGT values for the control (+ve) group compared to the control (−ve) group, which were 184.00 ± 2.61 and 71.00 ± 1.59 IU/l for ALP and 10.00 ± 2.75 and 5.20 ± 2.03 IU/l for GGT, respectively. Rats, injected with CCl~4~ and orally administrated with all the tested herb extracts, showed a significant decrease in ALP and GGT when compared to the control (+ve) group.

These data were confirmed by Ahmed *et al*.,\[[@ref8]\] who examined the possible hepatoprotective effect of aminoguanidine in comparison to silymarin, and investigated the possible beneficial effects of the combined action of aminoguanidine and silymarin drugs on CCl~4~-induced liver fibrosis. It was concluded that aminoguanidine possesses protective effect against CCl~4~-induced hepatotoxicity through its iNOS inhibition and antioxidant effects. In addition, the combination of AG with silymarin has more potent hepatoprotective effect than aminoguanidine.

### Effect on total protein, albumin, and globulin {#sec3-15}

Data illustrated in [Table 5](#T5){ref-type="table"} show the effect of orally administrated sheep sorrel (*R. acetosella*) on TP, ALB, and GLOB protein levels in rats intoxicated with CCl~4~.

From [Table 5](#T5){ref-type="table"}, it is clear that in the rats poisoned with CCl~4~, the serum levels of TP in control (−ve) group was 7.35 ± 0.53 g/dl compared to 10.00 ± 0.65 g/dl in control (+ve) group, which points at the nonsignificant difference between control (+ve) and (−ve) groups.

All rats, poisoned by CCl~4~ and orally fed with all the tested herbs, exhibited nonsignificant changes when compared to control (+ve) group for the ALB protein level. Without treatment, the protein level in control (+ve) group of CCl~4~-intoxicated rats was 2.80 ± 0.08 g/dl compared to 3.80 ± 0.58 g/dl in control (−ve) group. These results showed the significant decrease in control (+ve) group compared to control (−ve) group. All the tested groups showed nonsignificant changes when compared to control (+ve) group.

In case of the GLOB protein level, there was a significant increase in control (+ve) group (7.30 ± 0.30 g/dl) compared to control (−ve) group (3.50 ± 0.29 g/dl). All rats, injected with CCl~4~ and orally administrated with all tested herbs, showed a significant decrease when compared to control (+ve) group.

These results proved to be in agreement with Cetinkaya *et al*.,\[[@ref31]\] who reported on the effect of the aqueous extract from the roots of RP, L. (*Polygonaceae*) (D-1). They investigated the effects of the D-1 extract on rat liver and erythrocyte antioxidant enzyme systems and lipid peroxidation. GSH-Px, SOD, CAT, and MDA levels of liver and erythrocytes in D-1-administered animals showed that there was an increase in the GSH-Px and SOD activities when compared to that of controls. No significant decrease was observed in CAT activity, and no changes in MDA levels were observed.

### Effect on total lipids, total cholesterol, and triglycerides {#sec3-16}

Data presented in [Table 6](#T6){ref-type="table"} show the effect orally administrated sheep sorrel (*R. acetosella*) on TLs, TC, and TGs in rats intoxicated with CCl~4~.

[Table 6](#T6){ref-type="table"} shows that control (+ve) group measurements for TL, TC, and TG were 584 ± 3.46, 146 ± 2.64, and 213 ± 2.57 g/dl, respectively, while the control (−ve) group measurements were 244 ± 3.61, 101.1 ± 2.05, and 73 ± 2.65 g/dl, respectively. These data denote a significant increase in the control (+ve) group when compared to control (−ve) group for the previously mentioned parameters. All rats, poisoned with CCl~4~ and orally fed with all tested herbs, showed a significant decrease in the mentioned parameters when compared to control (+ve) group. These findings were in agreement with the results of Muriel and Mourelle,\[[@ref35]\] who studied the effect of silymarin on liver lipid peroxidation and membrane lipid alterations induced by an acute dose of CCl~4~. Their study results indicate that silymarin can protect against the alterations induced by CCl~4~ on the liver plasma membrane by modifying its phospholipid content through its antioxidant properties. In this concern, Lin *et al*.\[[@ref36]\] conducted a study on *A. lappa* L., root and suggested that it has anti-inflammatory and free radical scavenging activity, which could have inhibitory effects on carrageenan-induced paw edema and CCl~4~-induced hepatotoxicity. Based on similar results, Zick *et al*.\[[@ref37]\] also concluded that breast cancer, being a major cause of morbidity, mortality, and medical expenditures among women in Canada, can be treated through herbal methods. Essiac (Resperin Canada Limited, Waterloo, Ontario, Canada) is a blend of at least four herbs *Burdock* root (*A. lappa*), Indian rhubarb (*Rheum palmatum*), sheep sorrel (*R. acetosella*), and the inner bark of *slippery elm* (*Ulmus fulva or Ulmus rubra*). This blended herb has become one of the more popular herbal remedies for breast cancer treatment, secondary prevention, improving the quality of life, and controlling negative effects of conventional breast cancer treatment.

### Effect on high-density lipoprotein, low-density lipoprotein, and very-low-density lipoprotein {#sec3-17}

[Table 7](#T7){ref-type="table"} shows the effect of orally administrated sheep sorrel (*R. acetosella*) on HDL, LDL, and VLDL in rats intoxicated with CCl~4~.

Data illustrated in [Table 7](#T7){ref-type="table"} show the effect of orally administrated sorrel root on HDL, LDL, and VLDL in the rats intoxicated with CCl~4~. These data showed that in rats, injected with CCl~4~ and not treated, the HDL level in control (+ve) group was 61.5 ± 2.10 mg/dl compared to 68.45 ± 1.5 mg/dl in control (−ve) group. These results showed that there was a significant decrease in control (+ve) group compared to control (−ve) group. All rats, injected with CCl~4~ and orally administrated with all tested herbs, showed a significant increase in HDL when compared to control (+ve) group and showed an insignificant increase in sorrel 500 mg/kg when compared to control (−ve) group, which was 65.2 ± 3.47 mg/dl. Regarding the LDL and VLDL levels, there was a significant increase in control (+ve) group when compared to control (−ve) group. All rats, injected with CCl~4~ and orally fed on all tested herbs, showed a significant decrease in LDL and VLDL when compared to control (+ve) group. These findings agreed with Flora *et al*.,\[[@ref38]\] who demonstrated that silymarin, derived from the plant *S. marianum*, has been used for centuries as a natural remedy for liver and biliary tract diseases. As interest for an alternative therapy has emerged in the United States, gastroenterologists have encountered increasing numbers of patients taking silymarin with little understanding about its purported properties. Silymarin and its active constituent silybin have been reported to act as antioxidants scavenging free radicals and inhibiting lipid peroxidation. Studies also suggested that they protect against genomic injury, increase hepatocyte protein synthesis, decrease the activity of tumor promoters, stabilize mast cells, chelate iron, and slow down the calcium metabolism. Cetinkaya *et al*.\[[@ref31]\] also investigated on the aqueous extract from the roots of RP L. (*Polygonaceae*) for its effects on liver and erythrocyte antioxidant enzyme systems and lipid peroxidation in rats. GSH-Px, SOD, CAT activities, and MDA measurement levels of liver and erythrocytes in D-1-administrated animals showed that there was an increase in GSH-Px and SOD activities when compared to that of controls. No significant decrease was observed in CAT activity, and no changes in MDA levels were observed.

### Effect on creatinine, urea, and uric acid {#sec3-18}

[Table 8](#T8){ref-type="table"} shows the effect of orally administrated with sheep sorrel (*R. acetosella*) on creatinine, urea, and uric acid in rats intoxicated with CCl~4~.

Data illustrated in [Table 8](#T8){ref-type="table"} show a significant increase in control (+ve) group with 69 ± 2.65 mg/dl compared to 56.40 ± 1.83 mg/dl in control (−ve) group. All rats, injected with CCl~4~ and orally administrated with all tested herbs, showed a significant decrease in serum urea when compared to control (+ve) group. Rats, administrated with CCl~4~ and sorrel 250 mg/kg, showed the most significant decrease compared to either control (+ve) or (−ve) groups. Concerning creatinine, there was a significant increase in control (+ve) group compared to control (−ve) group. All groups showed a significant decrease when compared to control (+ve) group except for seed 500 mg/kg. In case of uric acid, there were nonsignificant differences between control (+ve) and (−ve) groups. In addition, there were nonsignificant changes between all the groups when compared to control (+ve) group. These data were supported by the findings in the study of Brown,\[[@ref39]\] who mentioned that, as per some folk herbalists, dried *Burdock* could be considered to be a diuretic, diaphoretic, and a blood-purifying agent. The seeds of *A. lappa* have been used in traditional Chinese medicine, under the name niupangzi (also coined as niâbÁ ng). Karimi *et al*.\[[@ref40]\] also studied the protective effect of methanolic extract of the seeds and silymarin against cisplatin-induced renal toxicity. They found it to be effective in protecting against the toxicity and might serve as a novel combination agent with cisplatin to limit renal injuries.

Histopathological results {#sec2-7}
-------------------------

Microscopically view of a rat from Group 1 revealed the normal histological structure of hepatic lobule, normal renal tissue, and normal cardiac muscle (×40) \[[Figure 1a](#F1){ref-type="fig"}--[c](#F1){ref-type="fig"}\].

![(a) The picture shows normal hepatocytes, central vein, and portal tracts (×40) (at column width); (b) the picture shows within normal renal tissue (×40) (at column width); (c) the picture shows normal cardiac muscle fiber (×40) (at column width)](PR-9-200-g011){#F1}

Meanwhile, the liver of a rat from Group 2 showed focal hepatic necrosis associated with leukocyte infiltration, congestion of hepatoportal blood vessels, and portal infiltration with leukocytes, necrosis of hepatocytes, dilatation of hepatic sinusoids, and binucleated hepatocytes. However, the other sections revealed Kupffer cells activation and portal infiltration with leukocytes as well as focal hepatic necrosis. Kidney showed degenerative changes of the tubular epithelium and glomeruli. Heart shows mild hydropic degeneration of cardiac muscle fiber \[Figures [2](#F2){ref-type="fig"} and [3a](#F3){ref-type="fig"}, [b](#F3){ref-type="fig"}\].

![(a) Degenerative changes of hepatocytes; (b) the picture shows congestive changes of hepatocytes; (c) the picture shows infiltration and hemorrhages of hepatocytes (×40) (at full page width)](PR-9-200-g012){#F2}

![(a) The picture shows degenerative changes of the tubular epithelium and glomeruli (×40) (at column width); (b) the picture shows mild hydropic degeneration of cardiac muscle fiber (×40) (at column width)](PR-9-200-g013){#F3}

In Group 3, liver of a rat revealed mild degenerative changes in dilatation of central vein and hepatic sinusoids as well as focal hepatic necrosis associated with leukocyte infiltration, and tubule epithelium and glomeruli \[Figure [4a](#F4){ref-type="fig"}--[c](#F4){ref-type="fig"}\].

![(a) The picture shows mild degenerative changes of the hepatocytes (×40) (at column width); (b) the picture shows mild degenerative changes of tubule epithelium and glomeruli (×100) (at column width); (c) the picture shows minimal degenerative changes of cardiac muscle fibers (×40) (at column width)](PR-9-200-g014){#F4}

Apparently, normal hepatic lobule, noticed in the liver of a rat from Group 4, revealed minimal histopathological changes \[Figures [5a](#F5){ref-type="fig"}, [b](#F5){ref-type="fig"} and [6](#F6){ref-type="fig"}\]. These findings agreed with Girish *et al*.,\[[@ref30]\] who supported the use of the active phytochemicals of silymarin against toxic liver injury, which might prevent the lipid peroxidation and augment the antioxidant defense system or regeneration of hepatocytes. It also agreed with the findings of Emelike and Dapper,\[[@ref41]\] which concluded that the sorrel extract could reduce the lipid peroxidation in CCl~4~-induced liver damage in experimental animals.

![(a) The picture shows minimal degenerative changes of the tubular epithelium and glomeruli (×40) (at column width); (b) the picture shows minimal degenerative changes with infiltration of portal tracts with mono-nuclear cells (×40) (at column width)](PR-9-200-g015){#F5}

![The picture shows minimal degenerative changes of cardiac muscle fibers (×40) (at column width)](PR-9-200-g016){#F6}

In Group 4, the kidney and cardiac muscles showed minimal degenerative changes that agreed with studies supporting the protective and antioxidative effects of sorrel extract.\[[@ref4][@ref5][@ref6][@ref7][@ref40][@ref42][@ref43][@ref44][@ref45][@ref46][@ref47][@ref48]\]

CONCLUSION {#sec1-4}
==========

The sorrel extract demonstrated a significant enhancement in liver intoxication and all other tested parameters in this study. It helped in minimizing the structural tissue damages in the vital organs. Based on these results, sorrel can impair the liver function and maintain the functions of the vital organs.
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